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(54) OPTICAL DISK DEVICE 



(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the number of parts of an 
optical pick-up mechanism, miniaturize the mechanism, and reduce 
its weight. 

SOLUTION: In an optical disk device that has an optical pick-up 
mechanism for connecting a spot beam for picking up light on an 
optical disk surface due to an optical system with a plurality of 
semiconductor lasers having mutually different oscillation 
wavelengths as a light source, the plurality of semiconductor lasers 
are incorporated into a semiconductor substrate for driving 
monolithically and independently, and laser beams 2 are emitted in 
parallel from adjacent positions. The optical disk device is provided 
with at least one pn junction or one high-resistance layer being 
biased inversely that is formed at one surface side of the 
semiconductor substrate and a plurality of semiconductor layers 
that are formed on the pn junction or the high-resistance layer, 
and at the same time each semiconductor laser is provided at a 
semiconductor layer region that is electrically insulated and divided 
by a separation groove reaching the pn junction or the high- 
resistance layer. 
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(57) 

x s P n fctt»J6fitJi i . frie p n g^s fc 

Z> 1 1 tc . fflTiES&¥W# U - tf «H?f e png^fctt 
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1 

yt£ vi>T > y<Dtc#><Dz. # ? h itzm&yt t * * r -j 

f5ie^«(*Sffi<D-®ffJjCC^(S3n/c^«: < £ fc— :>© 
M'WTXSttSp n^S/cttifSJglnJgi. mflSpn 

[ mm 3 ] 8?ie*«{* u - *r a <j ■? v w&x- v v 
[§it#Ji4] fflizmmftu— tf(i-o-c4>0, — 

r*ici £*i a* <t -r ztrnm i ^mss^^s 3 © t >r n 

1 ^cfB®©;^ -< X fgig. 
[3)t*3i 5 ] miiftft*m# U— If ©&JS?&gtt7 8 
0-880nmT*0, ii5iB*fe¥a»& U — !f ©&«& 
g«6 3 0~6 9 7 nmf *5 C i^SJi-r-SIS^ 

[§83jOg6] BiJiE^*i*U— !f«. ^» 

£vfis-yjezmm2itz>%:mMi&%m-t&m#tfr?> 30 

tiiicte^x^zctzmkfrz mmm 1 7bsi**3i 5 
©t,>-r*ia> 1 JMtcietg©^^^ xi>$ss. 
[ mxm 1 ] ina¥«<* u - if ©jastts tcatic c r 

s(c*fH t rieas nrc » z> c t t ztmm 1 
nmrnxmeo^rtifrimicsBMoytr: * 40 

[0 0 0 1] 

[|ftM©JR-r46»R^W] *#|BJtiDVD (Diqital Vi 
deo Disk) . AS -MO (Advanced Storaqe-Maqneto 0 
ptical) . iSHIiBjaC D - R (Compact Disc-Recordabl 
e) moit? < Z.f&m.lCWfZ. 

[0 002] 

m%i<Dmffi] *f^i»ggiLt. DVD-RAM 
^S. DVD-ROMgg, DVD-RgSf^6n 
n>S. DVD-RAMSg?0*f^ X^gl-CB, 50 
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D V D «7C <fc 0 C D -^C D - R©H^4?f ^ tS/SSC o 

3.-^-->3>X^f. TOP 1 U S Ej . NO. 199, 199 
6-6 > P70~P79Kieig5n-Ct^„ ^fc. DVD-RO 
MiSgKoU-CtJ, BSiBPtt^f TBigx 

U>7 ho J 1997^3^240-^. Pl9*jJ;i>'P20K: 

r«, Sfjia ropiusEj is©P86~P92tcf2is$n 

tl,^. C©*«{Ctt. DVDiCD©5^^;iL/ 
r. 2M£.tt. 2 1/>XH, 2U- tf-^SC. BiP 

[0 00 3] 

[^B^i^Li^irSgl!®] ff^* (DVD) 
^a-C«. DVD£DS4tt^0Ci, CDKD-R 
^©W^fctf ^d^Ai&S. DVDOS4«tg6 5 0 
nm©¥eS»U— tf «f ) "Ctft^ CD 

D - R©»4««g7 8 0 n mOflfl: U-f (^ 

rwmtti'— if) -ctf^. *f^^ioif 5 ?7 

? 7'tS««. C D^BXO ffl©^Jl«!S*s 7 8 0 n m© 
«f (LD) i*«W»36»-(«fcStlfc*y» 
-;H6Stt*^3fii. DVDffl©^Jgjgg*5 6 5 0 nm 
©^#f* U— !f <t«IWS^^^^*-o{C* ife/c 

^. C©J: i 5(C*7 r .YXi'^g©^f ^ ; 5'Ty^t8» 

«, tfAi i <ir*sc D^g«:J:bf5L.-cffl^ 

tc^ij. /hswb, Sfifb^wtf e>nti,>5. ^h^©@ 

*^Hj©ftfe©swa. 56tr * d^T » :/«ut©/jNS9 • 
wc-e©a*>©@atjiiifM^iRFS![ti, ^^§©12^^ 

[0 004] 

[^gl^rlB^-rSfcfe©^©] *K«:*jlirB8*3nS 

tB©ifc«3r&s„ 

( 1 ) ♦B5K»tt4«Kft««:WJ'4l!MJt©*a«*U- 

*rr sftTMX^gsg-caoT. fjie»S!©^f*u- 
•tfw^zi^ u— tf^T-tc* y 'j v ^ ctrfpojfcT. urig 

^* /c«iB5J61n@ i . MSB p n tekSfirfBiSiSfixH 



(3) 

3 

? * ^mrnxm^icmmzm ztxz m%>2>m*m&m 
icf&wettros. mizmm-^v— tf«y y^fltjgry 

t* u -if * o . —oisfaftmm& u -if rs> 

($U_-tf©^iijgg(j7 8 0~8 8 0 nm-C*«J. fifB 
^3U»{*U--y©#6tg?fcS«6 35-69 OniT* 

wsaji^aifl-t, -cmmtmcmffis utcmmcu->x 
us. «na*j»*u— y©#£«ifc6&c#i£OTt?ji3&;t 

L.-cieg;S*rri,>s. 

[o oo 5] mree < i ) ©#«(Cj:*itf. (a) #7^ 

mmc0&mm»iy-vtmn^mwu--^^ j <j •> 20 

— y«:j:*?|£ m^tiib) i, if (cj; 

©<fc 5 ^tBSicjfeSib/c^tt U— !f *iffl*jitr«|j§(C 
ttlJ LTS|5 n a o.#.S5[©BiM*^t!S-C^ 

Ltc&-,X, %*fA X *§|g©/jN§t{t • 13^ Mb*iji 

[0006] ( b ) U — tf te J: O'fftfe^tt 

U-^tt. 5|a»<*»«(!>-BBIB«:»JiRStifc^>«c<4t 30 
— oam.r< J 7 X3*i£ p ng^$/cBIfilnl±0? 

[ o o o 7 ] ( c ) mwm# \» — tf *» «fc of»a**«c 40 
u- y«. &k y 7 ^«fcg-c y •> ^S^BIS) D¥«fctt 

«3R -CWJfiK 3 tl X I > * C £ 6 -5- Ott&P&BfrogHI 
[0 00 8] (d)*f^i>Sg®jtt'^7^i 

tc»ffiLrCTS4i&*iBHCfcoTl>ac £*»<&. *K 
[000 9] 

[»IB©*JS©J&«] «T. HflS*#JRlOT:*»|li©35 50 
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*©jB»*mBK:ittwr*. fete. ftw<Dmm<DBmz 
giwrztcitxDizmicis^x. r— 

[0 0 10] (|®6^«1 ) 017iSH4{i*|%W<D- 

mx$> K> . 01 «3fc:r ^ X *g;g©7c; v if 7 y 7'®flJ 
**T«tSaa. B 2 U — !f 3R^©«SC»1£*K 

[ooi i ] #Hifc0JB i ay^cj' j x ammoitz ~j * 
7 y zrmmt. c d m&wi o m<D8mm&& 1 8 o n m 

<D¥i*#U— y (LD) i. DVDffl©A&Kft&*S6 5 
0 n m<omm\s— 9 *i. ©^OUttSffitt* y y 

u— «6«**<Wfe*3fi«:wr*. MB¥ttftu-- ya 
J f*e«ifiSL-CWftC-en-e'n6 5 0nmt7 80n 

*»u-if«^flE)fW*a»?Lr«E*a«)nr4c4«: 

i-^t, 6 50nm©U-«$/cB7 8 0 nm©U- 

x*(c*tic.-rsu— tf^&sw^jo^B. se* 

u — tfsR^F ©flSSiSBRtc J: r 9U8»5««) *J 

[ o o i 2 ] 0 1 a*mmmi& i o^tf-t * a ^g«c*$ 

W-S^f j>7» ^fll^m-T. j%Jg«S*i 6 5 0 n m 
(D^^U-lfi. Btg^g* s 7 8 0 nm©¥3|{*U- 

if mm 1 *^ Hi St $ ti Z U — 9 % 2 it « - 7 5 7 - 3 . 
=jy>- h P>X4*Jli^iiO . 2l/>X7i>?»i- 
$5©DVDffl>fflU>X63lfcBCDffl*tftU>X7 

r^e.tir^-f x ^ 8©te^®tcai3fe3n-5«fiS(cfe 

«. U-if^2»^g6 5 0nmr*^H, MIE2 

u- > xr * ^ * i - $ 5 ©^ o ifcju&mc i -o r d v d 
mnm v^xsxnhtxxyt? -< 8 ©t aiisi vzm^t 

U-1f3l£2A^S7 8 0 nmT?*^t§^i. Bifia 
2 U>XT^aX-*5©W*P&*ift{lHCj;-?-CCD 
ffl*f%IU>X7 -CiKetl-C^^-f X^ 8©iB»®K*3t 
3*16,, ftfw X^8©fa^ffi-CJSI*3tl/cU-1f^2 
«. DVDffl^U>X6*fcBCDffl>FtiK5U>X7«r 
iif), 3 y h U>X4*ji-j-C^-7 5 7-3-CJS 

St3 nr *feiHiS9 K«bA«ISA <fc *> vert ^ti>s„ 3fe 

m&m2 «6 5 0 n m*sJ:iy-'7 8 0 n m©^^UJ-C# 

[0013] *m&\s—<fmm 1 «. A^ft^cj:or 
«W¥r-su— y igfibiHiss i sxmwmvmtiz. suia^ 

t^UlS 9 ©ffl^fl-sftt 7''J7> ^Hffi 1 6 -cif 4§ s n . 
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0081 7©tB*m#«rA*i-r*APC (Auto tower C 

<D§^*f* u - if cd* a^j **ji»-r 4 J: 5 cc & o r c > 

MIB T X 7 - ct 0 *> m di* r * & * # iA# £ 

[0014] ortc *«(tu-if«TccocirBiwr 10 

02&t*rrJ;^ *m 
f*U-1f**2 0tt. fc±iltf#»«B («SS) 
aE#fi»cift9« (lltT») OS3#2 5 0 Mm, (Matf 
3 0 0 Mm, J?3# 1 0 0 Mm©J©g{*;fr6ttoTl» 

»«8?iB^«»Sfi2 io«JB»»«:*rBiar*r-/ 

f*U — if (U- tfy-f*- K) 2 3 a, 2 3b*sRW6 

tiros. »jcDB«ria^*f*u-if2 3 ateisjgifcg#* 

6 5 0 n ffi(DgM «ft U-f 2 3 a 0 , fifflCDf? 
IB^zStt L- — tf 2 3 b Itmm&ifi 7 8 0 n m(DsS#f^ 
al|#U-1f 2 3 br&S, mria^fe*#(*U--!f 2 3 a 

r&£ 0 j»a*»(*U--1f2 3a*5±a f *J**»*U- 
if23b«, «CC^1fgfJ2 4 a. 24b<b, C©ytrgfl 
2 4 a. 24b <fc»34>{KO¥«8B2 5 a. 2 5b£WU 
ro^>o SSIE^1f952 4 a. 2 4b±tc«, ^ft-e^T 30 
^-Ffg2 6a, 2 6 b^KW6n, ^fflSP2 5 a. 
2 5 b±CC{**7V- K«S2 7 a. 2 1 bWWttfhtxX 

/cffiffllJtt. fjfar -/ - 2 6a. 26bto<fc^y 

OS. 

[0015] ¥«f*S«2 1 fc± A«NJ*«S!(DG 
aAsI«2 1ittotW. GaAslg2 1ttlO 

fiSOS i *£trGaAs«ro&ft3ftroS. itulfiG 40 
aAslS2 1<E>— ii. *tttofcl8 2<Z>±ffi (£ffi) 

r«swwc#tststtros. ^it 4 c©r-fyu-t/ 

3 >3i2 2<DffifBJO*JB*«»StC5S&^2»i*U-1f2 
1f2 3 baWBSESftroS. 

[0016] *»^»*IB(*»a45«*U-1f 2 3ai 
SS^^f*U~1f2 3 bitimoU^. 

»u-f2 3br«. ^B^«f*B«T^6±ccrS]^o so 
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tP«IiOGaAs^e.^^JI5 1. 0MmCDP-G 
aAslfeii3 1, 030. 5 m mCDN — G a A s 18 1 
^977)832. «1. 5 MmCDN-A 1 Ga I n P 
Pzrv FH33. 030. 2 m m<£>N - G a 0 . , A 1 0 . 5 
As^7^F134, 7«»r>K-^(U)©W3 
0. 0 8m m<£>U - GaA 1 As MQWffittl 3 5 , 0 
3 0. 3 5m mCDP -Ga 0 . s Al 0 .$As^7 B ; KH 3 
6, ISO. 1 Mm<DP-GaA sia«Sfl]?RiR*tXy ^« 
X h ^yj!3 7 . 03 1 . 0 MmCOP -A 1 Ga I n P 
KJB3 8**trS. */c, filBP-GaA siaiS 
fflKCaR**** h v y'M3 7*ScfcO r P-A 1 Ga I n 
P^77F138«^h7^ 7'1*(D y r^4 5 *JI5JS*r 
SJ:5K:t**>^*SftS CG>>J?i?4 
5©fflflB®P-Ga D . s A l.. s As^7^ KB 3 6±tc 
&203 1. 0MmON-GaAsyp^l39« 

snti^ 0 $/c, use*; ?v>4 5*5<fcv*©wffjoN 

-GaAs"7*U7^Ii3 9±&Cte03 2. 5Mm<DP- 
GaAs*i>7 7Vl4O#0/£3ftrOSo ^1fgP2 4 
b«fjiBP-GaA sJffi#lf3 l*6P-GaAs*t 

^^■4oecs4*jB*an*»T»j«sh, ¥ffiee2 5 

btSP-GaA stfefiJI3 liN-GaAsSl^^ 
r!3 2CCj:orfl5fiK3tlTli*o C<DN -Ga A sfg 
l><*?yJ13 2_h;c«^V- F«S2 7 baW&fiRS 
tl, H5IBP-GaAs + i'^ , 7^40(C«r^-Fm© 
2 6 b*J»fiE3nrc>-5. U-GaA 1 A sMQWfSt* 
m 3 5 ^fO±TOG a A 1 A s OA 1 CDSSthSr^fc 

1^7 8 0-8 8 0nmOfcC0WI6tl^. 

[0017] m^mmw\y-v t 2 3 & <D&®¥m#m 

\Z. WfflE*>MNW*U--1f 2 3 bOM¥«W|C[)N - 
GaAs^a 9 ^t39±(C36 CC^JitC*a3W*H* 
^L/c«jgCCftor^* 0 "Tft^^, GaAsiS2 1 
±CC v 7 8 0 n mOMIi* U -If ^ff^f -5 /c^O 
ir*^P-GaAsiil3 1, N-GaAsSlA' 
77tI32, N-AlGaInP^77F133, N 
-Ga ll ,Al,, J As^7v K134, U-GaAl A 
sMQWr£f4H3 5. P-Ga,.,A l,.,As^7» F 
136, N-GaA s7w?m3 9 Zm-XmmBf&L 
tc&, 3 6CCCCD±CCil3 0. 5 /imON-GaAsS 
2^*777150, iS3l. 5 MmCDN-A 1 Ga I n 
P^7^F15 1, i¥3 0. 0 7 Mm<DU-A 1 Ga I 
nPMQWffi14J15 2, J13 0. 3 m mCDP — A 1 G a 
InP»1^7?F153, HS0. 03Mm(DP-A 
lGaInPMQWx^xh77l54, 03 1 . 5 
MmCDP-A 1 Ga I n PSS2 ^7»Fi5 5, 03 
0. 3/imOP-Ga 1 nPWIi5 6^MiM 
3*lTl>& 0 

[0018] HW2P-A 1 Ga I nPMQWx-;^ h 
7 7*15 4, P-AlGaInP^2^77F155, 
P - G a I n P^®J1 56«F7-^ y'tRCD U 7^6 0 



(5) 

7 

ZBf&?Z£5(,cxv?>?m3k2tiZ>tti>t,c, CCD 
U 0(Df35ffliJ<DP-A 1 Ga I nPfSl Zvv FB 

5 3±«1W/»3 1. O/imCON-GaAs^o-^15 

SI©N-GaAs^D^15 7±$C«JS 3 2. 5 m 
m©P-GaAs + t^7l5 83!)W3ntl^ e ^ 
1fSB2 4aBN-GaAs»2^^7l5 0*6P- 
GaAs*t^«58 0CM4 r^fiSS 
ft. ¥a»25attN-GaAs*2^^Ti50K 
J^TJBSESnri**. CON-GaAs»2^?7r 10 
15 0±tCl^y- F1S2 7 a»«5n, 8W2P - 
GaAs + t-^158 OCttr FWS2 6 a jWBSE 
$ntC^ 0 U-AlGaln PMQWrSfcfeJf 5 2 
<D±TOA 1 Ga I nPOA 1 <DfiBJt*aftS-eSC 
ifC<fcot, *&^{*U-1f£OTttl8««fi#B3 
5-6 9 0 nm©t>©fl«6*l4. «E'Jyy4 5. 6 

o<oToisttJB»»^**«B (#M) teas, cn 

6'jr^4 5, 6 0®rfflNI«. lOOumfl 

[0019] *HJ6JB«1 ©*a»»U-1f3RT2 OB, 20 
lifnc[)litGaAsIfi2 l©lIffl«C8W6nt 
l»ii<fcfcCC, SfftliGaAsiS2 1^iE»t«aW 
CC|^bfc*»S4ttoT<r>4C4*>6. 

[0 0 2 0] CO<t5&*aH*U-1f* : f'2 0BH3K: 

U-fll»2 0B. T J b>7V<D3E.&m&tUZ>^v>r 
-^*f*6 1 6 lOSiffiflHOCffi 

0ffW6nSH*6 2i^ltl^o ^»4r-5>tt, 
^^4r-^*#6 1 <b^{*6 2CCj:^TJBiaE3ti4. H? 30 

6ft 0, -t©»ffi©**^6^ti/caB^c««»Ot- 

>*8 3©fflE'**fr--^*f*6 l<D*ffeKlffiT£«M 
(Bfffi) ©5tJaWJtc«->>; h (SiC)^ 

6&Stf h 6 4 3&«H3E3tirt^. 

[0 02 1 ] fTEif^v^ h 6 4B V B4CC7j*-rj:5 
fc. ^»(*U-1fST-2 0 J:0 fc**l>jeJH»»6tt 
0, — E<DH«aDCC«4*<DIBltt6 5#RW6*VCl> 
4. C^60iBl»6 SO— »«wriB¥3»<*U-1f*-?-2 40 
0©7y-KSS2 6a, 2 6b^V-F«fi2 7 
a. 2 7b(CXft<SttMV&ftorc»&. CQ*gi^# 
KB. Pb Sn*»6ftS$ffl»6 6*«$ntl^ fl 
*ffll6 6« t HiSB7/-KSfi2 6a, 2 6b**V 
-KSS2 7a, 2 7 b©iB3#©&*C <hrt>>6, 

4KB. BuE*^^>h6 40SaB©«3*xy^> 

B> 7^-Kii2 6a, 2 6b^V-Flffi2 7 

a, 2 7 bffi»*U£EM6 6^/rlWv-^> F6 4 50 
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K@^£ft&o ^»ftU-f^2 03&il3l3^^ 
v->>h 6 43»SWBb-hJ/>^8 3«:BSS*ia. * 
fc. *^«?>h8 40JSttSnyt*SI(*U--tfSR^2 

o 6^n/csu»^ v a +*«a*T ^ /cfecD 7 -r 

fw>yg|ttt&4 0 ^^^>h6 4(Dfteffi, "T 

<C*>%»Eb- F2/>*6 SfcBSStiSBJEBfctt-* 
J5-fXi6 7*»«8htt^. flrEBH6 5*J:& 
^^7^X167« k /ciitl Ti/Pt/Au(D3 

[002 2]-^ IKE^v^-^fleBlflDWtC 
tt. WE¥^U-1f*^2 0©a«*6til»3ti*U 

fc. Baffin' » - ^**6 1 OCB 6 

<y-F) 7 l^HJEsnrc^*. 5#©y-F7i» 

tm#7 2 4^Lt/^4r-^**6 lCCJtilttJBTH 
jeStlT^S. »OCDl#<3E>y-F7 IB/'* 

6 l<D3tffifflKc^fflL/ty-F7 l(D3«ffl 
<b, luElf^v^>F6 4CDBB«6 5<D7^^d<>7 :: ^ 

> t/mp&yt3&* 7 o ©— , «mtt<D 7 >r + 

7 3XH«KKC«K3tirt»ft. «e*?7 0©»ffl© 
«S»^9^-»»6 l l #oy- F7 i *c 

l^^cg^^n^o *»6 2«*©35#JB»CC*aiii 
&7 6*sori»a. C©*ail«7 8««E^#*» 
CC»^ytRjKn:*a?B^^^«7 7 T^<* J: 5tt:««W 

»f*U-1f»gl0c;bl,>TB. ilrJBD 'J - F 7 1 
**iW3e<o«ffi«i«ip-r*ctK:j:or, u 

-If 2 3 a «fcttiW**»ttU-ir 2 3 b «W¥S#T 
U - If 36 2 7 8*6 foM? 4CimS. 

Sfc. cn6©*HJ*tt«fE«3K*^7 0r*-3r-T 

[0 02 3] *Htkfl$tt 1 CC **lHfaT©»»**W 

(1 ) ff^^lO^f^T^IiiCfct^, 
#-CD¥«f*S«2 1 CCffie*3W*U-1f 2 3 a 
^»U-1f2 3b^^^yv^^CCffl^iZ i ^n, 
8kitfleffl«cJ:^'CiSj**«*U— tf2 3 bfcJ:4B£ 

(l^&tHO) *fe*«f*U-1f2 3afc:<i:4#£}A 
^tfto*i4fllJflECC&-ori*ac<t*6, 8£*©<t^& 

SMi,^aftOBU*3WaiflEr* 4 <fc <h 4>ic, 

[0 0 2 4] (2) i»a**itu— !f2 3afcJ:C/jR» 
*8K*i/-1f2 3 btt. ^«f**1£2 lQ-BHKSA 
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■cmsmta&mmm <* ti&mmtctt -> x^ s c t &h>h 
c (Dim-ex? * x i> mmcm^t. tix t, > & c t a> 

6 . *f^7<; ^W»©#* JR»*1IMKe 0 * f v if 

[0 02 5] (3) 5J?fe*3|j*U— if 2 3 afciO'^l- 
U — tf 2 3 b «. V 9 i^tiliS-C <) v i^SP^ti 

[0 02 6] (4)^f^l'Kg©*f^l'r^i 
«K*»l>-C. 8?f2¥«(*U-if (^fe^«i*U-if2 3 
a*Jj;0-^^«f*U— If 2 3 b ) ©HiSj&BtCttJfcl, 

T^&A^snsfiSfc©**^^* (dvdiw«) 

[0 027] J^±*%^(Cj:-,riO:3*i/c^HJ?:||Jfi 

98(c|®S3n.2>fc<D-C , »^< > -?-©gg£ig||»L&l.>© 

tt. mKHiBHfrCl*. ¥z»(*U— tfST2 0©^fe* 
2»(*U— tf2 3 afcJ:0'*^«ttU— !f 2 3 b«. * 
«<*g&2 1 £ p n^*/fLt^WCC^S*iS« 

vxm&mimzm zmmic l x mizmtfomisimtemg: 

U—tf^T- 2 0 3 

[002 8] 

[nw©^] ^Eiicfcc^-cia^sn^w©^^^ 
&<Dt*s>oxibz>. 

( 1 ) -< * fm&<Dft e 9 * r v 7-iBfij©7ystt« 
®<Dm»» u - if re > •*> c i *>e> . 
mttis-yzmfr&tswmicitmLx^shgMmmw 
» ^fij©/l^b*isn^. 

( 2 ) !f*j jcwr&ww* u-ir »*- 
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( 3 ) 56 tr 9 * r y 7Mffi<DU&£M<Di& : &. mmtelt 

^*J«k K}fcH©/f»SMfcK: <fc ot, Htt£*9T9 ?®ffi 

wNBittmn. * »«©^a{t*ffi=» x Mb 

mi) *«H©-g»i»a (»mii) -c***^ 

[02] *mmB!& i ©**»<* u — v m*<»wm.m3: 
mwmx&z. 

io [03] #H36fl*!Bi 1 ©¥«(* u — *f KSC-gflfcW 0 

[04 ] Buie¥is<*u— f^^^-r^f-T'v^^ f 
i. ^»u-if^*^T^i0-r*-So 
[*Ht©IftHJi] 

4-3i yy- h u>X, 5- -2 U>X7?f a x- 
6-DVDffl*t^IU>X, 7-CDfflStfl/>X, 
8 -7^ 9-«tttBS. 1 5 - U—!rtn»iatt. 

1 B-^VT>^BK. 17-ttHB. 18-APC® 
20 88. 2 0-**«cU— !f*T-. 2 1 -*j§<*St£ (Ga 

Asli), 2 2 -r-fv u-~>3>si (i»i»^Bl 

. 2 3 a-*JWtU— !T <*fe*iW*U— !f ) . 2 
3b-¥»(*U— !f !f) . 24a. 2 

4b-^1fgP. 2 5 a. 2 5 b -¥18815. 2 6 a. 2 6 
b-7/-Kti, 2 7 a. 2 7 b-*V- K*i. 2 
9-MtMI. 3 1-P-GaAsiil. 32-N-G 
aAs»l/b7rl, 33 -N-A IGa I nP>7 
7 Fi, 34"'N-Gai.iAli.iAs>73 K@, 3 
5-U-GaA I As MQWrSfti, 3 6-P-Ga 

30 ,.,A1d..As?77F1, 3 7-P-Ga A sifilSfil 
®1R1EX y^F? ^Jl. 38-P-AlGaInP? 
7 9 Fa. 39-N-GaAs^a-^l, 40-P- 
GaAs + t^i, 45-'J jy. 5 0-N-GaA 
sI2^-;7t1. 5 1- N-A 1 Ga I n P^79 F 
a. 5 2 -U-A 1 Ga I n PMQWrStta. 53-P 
-AIGalnP01^7'?Fi, 54-P-AlGa 
I n PMQWi^X h 9^a. 5 5-P-AlGaI 
nPS2i'7i'Fi, 56-P-Ga InPSII. 5 
7-N-Ga A s "/a 9 i»a. 5 8 • • P - G a A s * + 

40 9 7*a, 6 0-Uf y 6 1 —fl'jir—y&fc 62- 
Mf*. 6 3-t-F->>d7. 6 4- -9-^-v^> F. 65 

-e». 6 6-^eaa. 6 7 y$7^x§, 7o - 

7 1 -jf ( 'j — f > . 72 -mm 
73-7-ft. 7 6-mii, n -mwvx 
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7D> h^-iXom* 

F £ - A 5D119 AA01 AA04 AA38 AA41 BA01 

CA10 CA16 CA01 DA05 EC45 
EC47 FA05 FA09 FA17 FA29 
FA33 JA49 
5F073 AA07 AA13 AA53 AA74 AA89 
AB06 AB27 BA05 BA06 CA05 
CA14 DA34 EA06 EA07 



